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Recently Zhitnitsky suggested “that DM particles are strongly interacting composite macroscop-
ically large objects ... made of well known light quarks (or ... antiquarks).” In doing so he argued
that these compact composite objects (CCOs) are “natural explanations of many observed data,
such as [the] 511 keV line from the bulge of our galaxy” and the CHANDRA-observed excess of
diffuse X-ray emission toward the galactic center. Here we argue that the annihilation of interstellar
electrons (or positrons) off positrons (or electrons) in the the CCO does not lead to the observed
narrow 511 keV line, but to a broad continuum due to the high densities of the CCO-confined
leptons. We argue further that in order to generate the observed flux of X-rays, the CCOs in the
galactic centre would only require a temperature of 1 eV, and therefore unlikely to be the dominant
heat source for the surrounding 8 keV plasma. While these observations do not rule out CCOs as
galactic dark matter, they do weaken the motivation for them.
PACS numbers:
The conventional view is that dark matter is both cold
– non-relativistic – and so weakly interacting that it is
collisionless. Its dynamical evolution within astrophysi-
cal systems is then governed entirely by gravity. Canon-
ical particle physics models of dark matter yield inter-
actions with ordinary and dark matter that are indeed
irrelevant at current astrophsyical densities and energies.
This conventional dark matter is therefore difficult to de-
tect other than gravitationaly, despite its very consider-
able flux on the earth.
Over the years, the idea that the dark matter might
not be so weakly interacting, whether with itself or with
ordinary matter, has been explored intermittently. In
the late 1980s, the idea that dark matter could carry
ordinary charge was explored [1, 2, 3, 4] and severely
constrained. Severe constraints were placed on the dark
matter scattering cross section off ordinary matter [5, 6].
With the exception of some windows at lower mass,
the general conclusion was that the dark matter could
not interact with ordinary matter except weakly (σ ≪
10−30 cm2) (and much more weakly at typicaly WIMP
masses of 10 − 103GeV). One clear exception was that
if the mass of the dark matter was sufficiently large,
then the number density of dark matter particles, and
hence their flux on any natural or artificial “detector”,
would be too low to permit any useful constraints. Thus
σproton−DM < 10
−27 cm2(m/MPlanck) is unconstrained by
any known astrophysical or detector limits. (Interest-
ingly, if m < 1GeV, then most limits at high cross-
section also fail for a variety of reasons.) Interesting
generic limits are available again only when the dark
matter is sufficiently massive that its gravitational in-
teractions start to affect galaxy dynamics. Spergel and
Steinhardt revived the idea [7] of strongly self-interacting
dark matter several years ago as a way to explain the
problem in a standard cold dark matter cosmology, of
the absence of central cusps in galaxy cores [8].
Recently, Zhitnitsky [14, 15] suggested that the dark
matter could be in the form of compact composite ob-
jects (CCOs hereafter) – “strongly interacting composite
macroscopically large objects which [are] made of well
known (sic) light quarks (or/and anti-quarks).” Such
objects, also known as QCD balls, are “formed from
ordinary quarks [or antiquarks] during the QCD phase
transition when the (sic) axion domain wall undergoes
an unchecked collapse due to the tension in the wall”
[15]. An important prediction of [15] is that the typical
baryon number of one of these CCOs is B ≃ 1033, but
can be as small as 1020 [9]. With MCCO ∝ BCCO (and
a proportionality constantM/B typical of QCD physics,
Λ = (102 − 103)MeV), traditional limits on strongly in-
teracting massive particles [6] are clearly not applicable
– the flux of CCOs is far too low to register in any de-
tector, including most astrophysical ones. At B = 1033,
CCOs impact the earth a few times per year, the Sun
perhaps 104 times per year, and a typical neutron star,
just once every 105 years. Individual impact events on
Earth might be visible to cosmic ray detectors, but the
instrumented area of the Earth is far too small. Zhinit-
sky suggests, however, that seismic shock waves resulting
from the passage of a CCO through the Earth may al-
ready have been detected [15].
Individual impacts of CCOs with the Sun are probably
not observable. Because the QCD ball is superconduct-
ing, low velocity hadrons having kinetic energies below
the superconducting gap probably cannot penetrate the
CCO, and are elastically scattered. The geometric cross-
section of a QCD ball is approximately:
σCCO ∝ B
2/3Λ−2 (1)






nucleons on its way through the Sun, transferring ap-
2proximately 1026GeV of energy, but only at a rate of
1014GeVcm−1 , or 1019erg s−1. This is 10−14 of the so-
lar luminosity. Nevertheless, this does suggest that if
B ≤ 1033 then CCOs will be significantly slowed down,
and therefore captured within the Sun. At B ≃ 1033,
approximately 1013 CCOs could have been captured by
the Sun to date. It is difficult to see how to argue generi-
cally that the Sun has not captured this number of CCOs,
since 1046 baryons represents less than 10−11 of the Sun’s
baryon number. Furthermore, one expects the CCOs, be-
ing so heavy, if stable inside the solar environment, will
settle to the centre of the sun. If the CCOs were point
particles, they might form a black hole which would con-
sume the sun [6], but they are composite objects of much
too low a density to form a black hole of such low mass.
Instead, they are likely to either dissolve in the Sun, or
combine into a single QCD ball of increasing size, until
they reach the maximum stable mass, after which addi-
tional CCOs will indeed dissolve.
Similar considerations apply to CCOs that strike neu-
tron stars. Individual impacts while reasonably ener-
getic, are not sufficiently so to be observed across the
galaxy – even the complete annihilation of a B = 1033
CCO releases only 1030 ergs, typically over a (significant)
fraction of a second. (The luminosity of the Sun, by com-
parison, is 4×1033 erg s−1.) However, much of the energy
release occurs deep within the neutron star, so that the
most of the energy eventually goes into heating the neu-
tron star. The rise in temperature of the neutron star as
a result of such an event is less than 1 degree.
One of the claimed attractions of CCO dark matter
[15] is that it could potentially explain other astronom-
ical observations not automatically connected with dark
matter. Chief among these are the observed excesses of
511keV line photons, MeV band photons and GeV band
photons. These are expected to arise from the annihila-
tion of ordinary matter when impacting an anti-baryonic
CCO.
Consider first the 511 keV gamma-ray line from the
galactic centre observed by INTEGRAL [13]. This is
produced by the process
e+e− → 2γ. (3)
In [14], while no explicit calculation of the rate for this
process is provided, it is claimed that the observed rate
is “not in contradictions with observations for sufficiently
large B”. This is obviously true since the rate of such an-
nihiliations per unit volume per unit time, as a function
of the distance, r, from the galactic centre is
dW
dV dt
(r) ≃ 4piR2 · v · nB(r) · nDM (r) (4)






thus, sufficiently large B (of approximately 1033 [9]), will
indeed suppress the annihilation rate to acceptably low
levels. Let us suppose then, as does Zhitnitsky, that the
value of B saturates the limits and so explains the ob-
served 511 keV flux. What further conclusions can we
draw?
The 511 keV flux comes, in this model, primarily from
the collision of interstellar e+ or e− with their repsective
antiparticles on the surface of the CCOs. The observed
width of the 511keV line is approximately 5.4±1.2keV
[16]. Therefore, if the 511keV line is to have this sug-
gested origin, the dispersion of the leptons on the surface
of each QCD ball must be appropriately small.
For scenarios where leptons permeate the bulk of the
CCO, the leptons constitute a Fermi gas with a chem-
ical potential µe between several MeV and several tens
of MeV, depending on the colour superconducting (CS)
phase under consideration [9]. The associated lepton








where me is the rest mass of the electron and µe is the
electron (or positron) chemical potential. If we conser-
vatively assume that each CCO is much cooler than its
corresponding Fermi temperature TF , then the energy
distribution of the associated leptons is dominated by
Fermi statistics, and TF = EF ∼ µe. The distribution
of lepton energies is then well approximated to a top-
hat profile with a width of approximately µe. We should
note here that if we had considered CCO temperatures
greater than TF , the electron-positron annihilation line
would broaden further.
Because the velocity of the leptons at the Fermi en-
ergy in the CCO is much greater than the velocity of
the CCOs traversing the galaxy, we may neglect the lat-
ter in calculating the shape of the resulting electron-
positron annihilation line. For simplicity we can also as-
sume that interstellar leptons are stationary since their
actual velocity would only broaden the annihilation line.
Therefore our predictions for the expected width of this
signal should be considered as underestimates.. It is
therefore straightforward to calculate that the energies
of the gamma rays resulting from electron-positron an-
nihilation on the CCO surfaces lie approximately in
the range 0.26MeV−10.2MeV for µe = 10MeV and
0.33MeV−1.2MeV for µe = 1MeV. The predicted width
of the annihilation line is therefore approximately three
orders of magnitude greater than the observed width of
5.4±1.2keV. For the colour–flavour-locking (CFL) phase,
in which leptons accumulate only on the CCO surface,
the situation is still worse, since the associated chemical
potential is much larger (∼ 500MeV) [9].
The narrow width of the observed 511 keV X-ray emis-
sion thus argues strongly against CCOs being the origin
of these X-rays. Also, we should note that if we adopt the
above mechanism as the dominant means of producing
3these X-rays, the line profile will not be Gaussian, which
is similar to what is observed, but closer to a top-hat
function, reflecting the distribution of lepton velocities
on the surface of the CCO.
This however is not definitive proof that CCOs are out-
rightly excluded, we merely predict that they will give
rise to a broad X-ray component from the galactic cen-
tre, rather than a narrow one. We can check whether
such emissions are consistent with X-ray observations
from this region by calculating the expected differential
flux dΦ/dE, resulting from the afore–mentioned annihi-
lations and assuming that the intensity spectrum of emit-
ted photons is constant over the energy ranges calculated
above.
The total integrated flux Φ, recieved from the inner
700pc of the galaxy (which corresponds approximately
to a 0.02 steradian region around the galactic centre, for
which the 511keV annihilation signal was observed [11]),





















adopting a superconducting band gap of 100MeV [9] and
a linearised strong-interaction potential of 1GeV fm−1









assuming a binding energy of 100MeV per constituent
quark pair [14]. The distance r⊙ ∼ 8 kpc, is the distance
of the Sun from the galactic centre. The parameters R ∼
20 kpc, γ (which we allow to vary from 0 to 1) and ρ0
are associated with the dark matter density profile in the






which we normalise to the local density of 0.3GeV cm−3.
The number density np ∼ 0.1 cm
−3 is the approximate
density of Hydrogen atoms in the inner galaxy, which
is similar to the interstellar electron density [11]. Fi-
nally, vrel is the velocity of interstellar leptons relative
to the interacting CCO. We assume that the bulk mo-
tion of the interstellar baryons and dark matter is close
to zero and that vrel is dictated entirely by the thermal
motion of the interstellar leptons. Based on X-ray ob-
servations of the galactic centre, the temperature of the
electrons/positrons residing there is close to 8 keV, im-
plying that vrel ∼ c/4 [10].
If we assume that the flux Φ is evenly distributed over
the range of energies of the photons resulting from annihi-
lations (which have been calculated above as 0.26MeV-
10.2MeV for µe = 10MeV and 0.33MeV-1.2MeV for
µe = 1MeV), we obtain the average differential flux
dΦ/dE, by dividing Φ by the width of each range.
Substituting a typical value of B = 1033 for the CCO
baryon number and values of the slope γ ranging from 0
to 1 into expression (7), we deduce that the differential





< 5× 10−16, (11)




< 5× 10−15, (12)
for µe = 1MeV, where the lower and upper limits to
these ranges correspond to γ = 0 and γ = 1 respectively.
We therefore observe that both of the above dif-
ferential fluxes for B = 1033 fall at least 7 orders of
magnitude below the background flux of soft X-rays
observed by COMPTEL and HEAO-1 A4 MED [17],
which indicate fluxes greater than a lower limit of
5 × 10−8 cm−2 s−1 ster−1 keV−1, at 10MeV, for energies
less than 10MeV, and are therefore not outrightly
excluded. Since Φ scales as B−1/3, using the above ar-
guments, even baryon numbers as low as the theoretical
lower bound of 1020 [9] could give rise to fluxes only as
large as 10−10 cm−2 s−1 ster−1 keV−1, which would still
remain consistent with observations.
CCOs were also suggested to be responsible for the
heating of an 8 keV plasma in the inner 20 pc of the
galaxy. Such a plasma is thought to be the origin of
the X-rays ,observed by CHANDRA, to be emanating
from this region [10]. Assuming that the CCOs radiate
as black bodies in thermal equilibrium with this plasma,
we can estimate the required temperature of the CCOs in
order to produce the observed X-ray surface brightness,
Φ(20 pc) ≃ 2× 10−6erg cm−2 s−1 ster−1 [10]. To do this
we simply equate the input flux radiated into the plasma,
by the CCOs, to the output flux from the 20 pc region





CCO = 4pi (20 pc)
2Φ. (13)
4Here RCCO is the radius of a CCO, given by (8), NCCO
is the number of CCOs which occupy the inner 20 pc of





whereM20 is the total dark matter mass within the inner
20pc of the galaxy, and MCCO is the mass of a single
CCO, given by (9).
We adopt two benchmark dark matter density profiles
to represent the range of possible distributions within
the galactic centre. The first assumes a constant slope of
unity, with respect to radius, as for an NFW profile, and







which is normalised to the local dark matter density of
0.3GeV cm−3. We chose the second profile, (ρDM)2, to
be identical to (ρDM)1 for r > 20 pc, but to be constant
value of ρ0 ∼ 3.5M⊙ pc
−3, for r < 20 pc. This profile
has also been correctly normalised.
Using these two profiles, we calculate M20, the total
dark matter mass within 20 pc, to be in the range
1.2× 105M⊙ < M20 < 1.8× 10
5M⊙. (16)
We assume that these masses provide a reasonable es-
timate of the dark matter mass, but note that since
TCCO ∝ M
−1/4
20 , it would require a drastic reduction in
M20 to increase TCCO significantly.
Using expression (9) forMCCO, together with (14) and







We therefore obtain a range of CCO equilibrium temper-




< 1.5× 10−3, (18)
for B = 1033, that is three orders of magnitude cooler
than the desired equilibrium temperature of 8 keV. Since
NCCO ∝ B
−1 and RCCO ∝ B
1/3, we see from (13) that
TCCO ∝ B
1/12. Therefore unless B ≃ 1078, CCOs can-
not sufficiently heat the plasma through equilibrium ther-
mal contact, but a CCO with 1021 times the solar baryon
number is far more massive than any known galaxy. In
order to reconcile with observations the CCOs must then
radiate as grey bodies, with temperatures close to 8 keV
in order to correctly thermalise the surrounding plasma,
but have their radiative power suppressed by a factor A
in order to be consistent with observations of local sur-
face brightness. From equations (13) and (18), we infer
that A must be approximately (1.5× 10−3/8)4 ∼ 10−15,
which is unrealistically small.
Another possible heating mechanism involving CCOs
is spallation, where baryons from the surrounding plasma
impact on the surface of the CCOs, are annihilated and
release energy into the surroundings. The rate of energy
injection, assuming that CCOs are anti-baryonic is given
approximately by
Γ ≃ piR2CCO NCCO np υCCO f(2mB) 2mB, (19)
where np is the baryon number density of the plasma
(∼ 0.1 cm−3 [10]), υCCO is the relative velocity of the
colliding plasma particles and the CCOs (∼ c/4) and
f(2mB) is an effeciency factor characterizing the average
fraction of the baryon-antibaryon total energy (≃ 2mB ∼
2GeV) that is converted into thermal energy in the CCO,
and which is subsequently used to heat the plasma. Using
the theoretical lower limit on B of approximately 1020
and expressions (8) to (17), we infer that Γ is at most
10−4 times the black-body heating rate calculated above.
Heating by spallation would therefore likely be relatively
insignificant.
Therefore we see that it is very unlikely that CCOs
could act as the dominant heat sources for the 8 keV
plasma in the galactic center which appears to produce
the X-rays observed by CHANDRA.
Conclusion.- In this paper we considered the possibility
of compact composite dark objects as a solution to several
unexplained astronomical observations, when considered
to be the dominant constituent of dark matter.
The first observation considered involved an excess of
511keV X-rays, observed by INTEGRAL, emerging from
the galactic centre. It was proposed that annihilations of
leptons residing within/on the CCOs and those in the
interstellar medium could give rise to such a single. We
found that since the density of the CCO leptons is ex-
tremely large, the energy distribution of these leptons
will be dictated by Fermi statistics, resulting in a line
width at least of order 1MeV, which is much greater
than the observed value of 5.4±1.2keV. We also find that
this annihilation signal would possess a profile closer to
a top-hat function rather than the observed Gaussian
profile. We then made estimates of the expected flux of
radiation resulting from these annihilations and deduced
that even for the lightest permitted CCOs, such radia-
tion falls far below current observational limits for soft
X-ray background radiation, implying that CCOs could
still be present even if they are an unlikely source of the
511keV signal.
The second observation involved an excess of hard
X-rays emerging form the galactic centre, whose spec-
trum appears consistent with thermal bremmstrahlung
emissions from an 8 keV plasma. We then considered
whether thermal emissions from local CCOs could heat
this plasma sufficiently in order to maintain its observed
temperature. We found that even when we included
5heat injection via spallation effects with the plasma con-
stituents, the CCOs would only possess temperatures of
order 1 eV, assuming that they radiate as black bodies. In
order to be reconcile with observations the CCOs would
require radiative power suppression of order 10−15 below
the blackbody limit, which we consider to be an unre-
alistically large suppression. We therefore conclude that
CCOs are unlikely to be the dominant heat reservoirs for
the radiating plasma.
We therefore conclude that even though the arguments
made in this paper do not exclude compact composite
objects from existing entirely, they do weaken earlier
proposals made suggesting that they constitute the main
component of present day dark matter.
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